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Abstract 
 
Previous research suggests that there are several positive effects of implicit learning on motor 
skill acquisition. Metaphorical, instead of explicit movement instruction, can function as a 
type of implicit learning in motor skill acquisition and may be a promising strategy for 
patients with cognitive deficits, for it reduces a combination of explicit rules into a compact 
representation and therefore less cognitive resources are required. It is hypothesized that 
cognitive flexibility is involved in being able to process these instructions. The purpose of the 
present research was to evaluate the involvement of cognitive flexibility in processing 
metaphorical and explicit movement instruction of gait in a sample of healthy elderly. Sixteen 
healthy elderly above the age of 55 years old participated. Cognitive flexibility was measured 
with the Trail Making Test (TMT) B-A index and the Color Word Interference Test-switching 
subtraction. Gait was registered by measuring step height during the movement instructions, 
using the Interactive Walkway with Kinect cameras. A paired sample t-test showed that there 
was no behavioral difference between metaphorical and explicit movement instruction with 
respect to step height, and two multiple linear regressions showed that cognitive flexibility 
had no predictive value on either of the two movement instructions (p > .05). However, the 
TMT B-A index was close to significant in predicting step height with explicit movement 
instruction (p = .09), suggesting that in contrast with our expectations, it might be the case 
that combined explicit instructions require more cognitive flexibility, however at present this 
effect is nonsignificant. Future research should especially include a larger sample size and 
explore other cognitive concepts that could be related to a type of movement instruction. 
However, a start has been made in researching a complex issue that has great practical 
implications, and as such the current findings may support further research. 
 
 
 
 
 
 
 
 
 
 
3 
The involvement of cognitive flexibility in metaphorical movement instruction in the elderly 
Introduction 
 
Cerebrovascular accident (CVA), or stroke, is the worldwide leading cause of long-term 
physical impairment, especially in the elderly (Da Silva, Antunes, Graef, Cechetti, & 
Pagnussat, 2015; Lo Coco, Lopez, & Corrao, 2016). Here, gait disturbances are among the 
most disabling consequences, because they frequently lead to a loss of independence 
(Jorgensen, Nakayama, Raaschou, & Olsen, 1995). Therefore, optimizing gait is one of the 
major aims of CVA rehabilitation (Kang, Chun, Chang, Kim, & Do, 2016). A CVA can also 
cause cognitive deficits, which may hinder functional recovery and rehabilitation, since 
cognitive deficits can make it hard to understand, remember, use and adhere to the 
instructions given in rehabilitation (Hochstenbach, Mulder, Van Limbeek, Donders, & 
Schoonderwaldt, 1998). Such a cognitive deficit can for example affect cognitive flexibility 
(Rasquin, Verhey, Lousberg, Winkens, & Lodder, 2002). Metaphorical movement instruction, 
where often a visual representation is used to adjust movement, instead of regular explicit 
movement instruction, which gives specific movement directions, may therefore be a 
promising strategy in rehabilitation, for it reduces a combination of explicit rules into a 
compact representation and therefore less cognitive resources are required (Hardy, Mullen & 
Martin, 2001). Although this representation is often visual, it can also be for example 
emotional, like “walking with pride” (Celentano, & Dubois, 2015; Samsonovich, 2013). 
However, it is unknown for therapists what the effect of metaphorical movement instruction 
in rehabilitation is, and to what extent cognitive flexibility is involved in being able to process 
these instructions. Therefore, this study will evaluate the involvement of cognitive flexibility 
in processing metaphorical movement instruction of gait in a sample of healthy elderly. 
 CVA means literally an accident that has to do with the brains blood vessels (Stam, 
2005). There are two main types of CVA: it can be caused by an insufficient blood supply, 
known as a cerebral infarction, or it can be due to a sudden bleeding, known as a cerebral 
hemorrhage (Jorgensen et al., 1995). If brain cells die or are damaged through a CVA, 
symptoms will arise that are related to that part of the brain (Trendelenburg, & Dirnagl, 
2005). A CVA can have a significant impact on the life of the patient, but also on the family 
of the patient (Cookson, & Casey, 2013). It can cause various neurological deficits, such as 
aphasia (language disorder), dysphagia (swallowing disorder), loss of eyesight, incontinence, 
paralysis, and loss of spatial abilities (De Weerd, Groenhof, Kollen, & Van der Meer, 2013, 
Howard et al., 2016; Jokinen et al., 2015). Furthermore, there can be other behavioral, 
emotional, social and cognitive consequences (De Weerd et al., 2013). Focusing on the 
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cognitive consequences, there can be deficits in attention, executive functions, information 
processing and memory (Hochstenbach et al., 1998, Jokinen et al., 2015). Multiple factors are 
found that are related to an increased risk for the development of post-CVA cognitive decline 
and one of them is older age in the early phase of CVA (one, six and 12 months post-CVA; 
Nys et al., 2007). 
 With life expectancy rising, the elderly can expect to live several years or even 
decades longer than before (Lim, & Kwon, 2010). Unfortunately, the burden of stroke falls 
disproportionally to the elderly (Pinter, & Brainin, 2012). Comorbidities that are related to 
age, such as CVA-risk factors and severity of stroke, contribute to the increased severity of 
this burden (Luker, Wall, Bernhardt, Edwards, & Grimmer-Somers, 2011). Age related 
differences in the degree of burden of stroke will become more important than ever, as the 
incidence of stroke will increase in the next decades through the aging population (Paul, 
Srikanth, & Thrift, 2007; Pinter, & Brainin, 2012). The two most common problems are 
difficulties in climbing stairs and unsafe walking (Granger, Hamilton, & Gresham, 1988; 
Mauritz, 2002). 
 Improved mobility, and in particular improved gait, is the most common rehabilitation 
goal for CVA-patients (Bohannon; Horton, & Wikiholm, 1991; De Weerdt, & Harrison, 
1985). The word gait means “the manner or style of walking, rather than the walking process 
itself” (Whittle, 1991). Gait is a major predictor for health status and survival in the elderly 
(Hausdorff, Rios, & Edelberg, 2001; Studenski et al., 2011). Moreover, an impairment of gait 
can result in a long-term disability and handicap. Therefore, the restoration of gait is 
important in neurological rehabilitation (Mauritz, 2002). 
 The main goal of rehabilitation is to promote recovery of competences needed for 
everyday activities (Kleynen et al., 2014). As mentioned above, gait disturbance can lead to a 
loss of independence (Jorgensen et al., 1995). Therefore, rehabilitation of gait disturbance is 
important after a CVA. There are several techniques to improve gait disturbance, such as 
neurophysiological techniques, neuromuscular facilitation and motor learning techniques 
(Kang et al., 2016). 
 Patients who have experienced a CVA can sometimes benefit from specific motor 
learning techniques. Verbal instruction is a crucial part of clinical practice (Fasoli, Trombly, 
Tickle-Degnen, & Verfaellie, 2002). The verbal instruction can be given explicitly. Explicit 
movement instruction consists of instruction outlining the specific steps that one has to make 
(Johnson, Burridge, & Demain, 2013). However, it is hypothesized that knowledge of specific 
steps of explicit movement instruction may interfere with the execution of this movement, 
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because there is competition for available cognitive capacity at expense of task performance 
and/ or normally automatic processes are then consciously being processed (Gucciardi, & 
Dimmock, 2008; Hardy et al., 2001). It is argued that compressing the amount of explicit 
knowledge about the execution of the movement will help to reduce the consequences of this 
interference, because there is less quantitative load (Masters, & Maxwell, 2004; Masters, & 
Liao, 2003). For patients who have experienced a CVA, the negative effects of this 
interference might be even greater, since cognitive deficits can make it harder to understand, 
remember, use and adhere to explicit movement instructions (Hochstenbachet et al., 1998; 
Kleynen et al., 2014). Therefore, implicitly taught motor learning could be more beneficial 
(Masters, 1992).  
 Implicit learning is defined as “acquiring new information independently of conscious 
attempts to do so, and in such a way that the resulting knowledge is difficult to express” 
(Cleeremans, Destrebecgz, & Boyer, 1998). There are several positive effects of implicit 
learning on motor skill acquisition. Implicit learning is less influenced by intelligence, there is 
less load on cognitive capacity, and its effects seem more lasting and robust under 
psychological load than those of explicit learning (Allen, & Reber, 1980; Hardy, Mullen, & 
Jones, 1996; Hardy, Mullen, & Martin, 2001; Reber, Walkenfeld, & Hernstadt, 1991).  
  There is support for the idea that the use of analogies, for giving implicit instruction, 
facilitates motor learning in for example sports and that it may also have benefits for 
rehabilitation of CVA-patients (Kleynen et al., 2014, Masters, 2000). Analogies are a way of 
constructing an explicit representation to show how one concept is connected to another 
(Hadian, & Arefi, 2016). In an anecdotal case study where analogy training was given to 
improve gait, the three participants experienced some recovery and would recommend this 
training to others (Kleynen et al., 2014). On the other hand, metaphors use one aspect of a 
concept for another, and the fundamental comparison may be challenging to make explicit. 
Moreover, metaphors have a figurative meaning (Carroll, 1999). This means that if they are 
taken literally or analyzed word by word, they are understood wrongly. Comprehending the 
figurative meaning of a metaphor is complex and suggests that normally different category 
concepts should be compared and associated. To accomplish this a mental linkage is needed 
(Rapp, Leube, Erb, Grodd, & Kircher, 2004).  
 This mental linkage could be supported by the cognitive function often referred to as 
cognitive flexibility. Cognitive flexibility is defined as “The readiness with which the person's 
concept system changes selectively in response to appropriate environmental stimuli; it is 
assessed by inviting the subject to expand the groups he has created on the original sorting 
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task” (Scott, 1962). The highest levels of cognitive functioning are associated with extreme 
cognitive flexibility (O’Reilly, 2013). 
 Historically, gait was considered as an exclusively motor-based task. Nowadays 
research has determined that even routine walking is associated with higher-level cognitive 
functioning, specifically executive functioning (Hausdorff, Yogev, Springer, Simon, & Giladi, 
2005). Cognitive flexibility is part of executive functioning and might play a role in carrying 
out metaphorical movement instruction on gait. This suggests that an alternative training, like 
metaphorical movement instruction, for gait might be beneficial in terms of making use of 
implicit processes and reducing the quantitative load of explicit rules into a compact 
representation (Hardy, Mullen & Martin, 2001).  
 The present research is part of a broader study into the effect of metaphorical 
movement instruction on gait. The current main aim is to examine the involvement of 
cognitive flexibility in processing metaphorical movement instruction on gait in a sample of 
healthy elderly, by contrasting metaphorically and explicitly instructed movement conditions. 
Step height will be used as an output measure, as this fits with the chosen instructions (‘walk 
as if you’re stepping over a high and wide threshold’ and ‘walk while you raise your legs high 
and stretch them far’. The first hypothesis is that duringthe condition with metaphorical 
movement instruction will generally show a higher step height, than with the explicit 
movement instruction, based on the expected ease of performance established by anecdotal 
reports of the practical experiences of five physiotherapists. The second hypothesis assesses 
cognitive flexibility in terms of predicting step height during metaphorical as well as explicit 
movement instruction. Here, it is expected cognitive flexibility will significantly predict step 
height during explicit, but not to metaphorical movement instruction, because explicit 
movement instruction is thought to require a higher quantity of cognitive load and this is more 
challenging than the more complex, but compact representation of metaphorical movement 
instruction. In other words, it is expected that explicit, multi-rule instruction requires more 
shifts in concept system, again based on anecdotal evidence of the apparent ease of 
metaphorical instructions. However, it is not ruled out that cognitive flexibility will relate also 
or even more to metaphorically instructed movement, than to explicitly instructed movement, 
because complexity could be more demanding than quantitative load. In addition, the 
hypotheses are based on anecdotal and not on scientific evidence, which means the 
hypotheses are still unsupported.   
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Methods 
 
Design 
This multidisciplinary project is a collaboration between the Department of Human 
Movement Sciences of VU University and Medical, Health and Neuropsychology of Leiden 
University. Approval of the Scientific and Ethical Review Board of the Faculty of Behavior 
and Movement Sciences of VU University Amsterdam was obtained under protocol number 
VCWE-S-16-00152, and the study was carried out in accordance with the Declaration of 
Helsinki. 
  To formulate the movement instructions and hypotheses in the present research, five 
physiotherapists were interviewed to investigate their practical experiences. The project is an 
experiment with a within-subjects design. The main study consisted of six conditions, these 
are displayed in Table 1. There was a baseline (normal walking), metaphorical and explicit 
instruction condition. Furthermore, for the larger project each instruction was carried out with 
a single and dual task, yielding six conditions. For the current study only the data of the 
single-task conditions are analyzed. 
 
Table 1. Overview of the six conditions 
Conditions Single task With dual task 
Baseline Baseline condition, without dual 
task 
Baseline condition, with dual task 
Explicit instruction Explicit instruction, without dual 
task 
Explicit instruction, with dual task 
Metaphor instruction Metaphor instruction, without dual 
task 
Metaphor instruction, with dual 
task 
 
Participants 
The total group size consisted of 21 participants. Yet, due to technical complications with 
processing data of the Interactive Walkway (IWW) the step height of only 16 out of 21 
participants were acquired. Further analyses only contain the available data of these 16 
participants (eight males) between the ages of 55 and 67 years old (M = 59.38 SD = 3.38). 
Recruitment consisted of advertising nearby VU University. Proficiency of the Dutch 
language in writing and speaking was a requirement. Participants were excluded if they 
suffered from psychiatric diseases and/ or syndromes that alter the cognitive and/ or motor 
abilities. The Mini Mental State Examination was conducted to ensure participants did not 
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suffer from dementia (Galasko et al., 1990). Furthermore, all participants provided written 
informed consent. 
 
Procedure  
To assess whether the participants could take part in this study, they were first asked, in 
person or through e-mail, whether they experienced any of the exclusion criteria described 
above. If it was concluded that the participant could take part in the study, an appointment 
was made for continuation of the study at VU University or Leiden University Medical 
Center. 
 At arrival, the participants were asked again, as a double check, if they experienced 
any of the exclusion criteria. After this, multiple neuropsychological tests and movement 
(imagery) questionnaires, described below, were administered in a randomized order. This 
included the tests to measure cognitive flexibility. 
 Then, in the main study, the participants took part in six movement conditions, each 
with three walking trials. For the present research only three conditions were analyzed. The 
participants were instructed to just walk, walk with a metaphorical movement instruction and 
walk with an explicit movement instruction. The metaphorical movement instruction was to 
walk while imagining to “step over a high and wide threshold” and the explicit movement 
instruction was to walk while “raising your legs high and stretch them far”. In the main study 
the effect of a secondary dual task was also analyzed, which was always performed after the 
single task conditions. After starting with normal walking without instructions, namely the 
baseline condition, the order of the explicitly and metaphorically instructed walking was 
counterbalanced using an online random number generator. A short questionnaire of how well 
the participant thought they executed the given instructions was conducted after each trial in 
the six conditions. Lastly, a final questionnaire was conducted about how well they in general 
thought had executed the given instructions. 
 
Measures  
Several neuropsychological tests were conducted to measure the cognitive functions of the 
participants. The Trail Making Test (TMT) was conducted to measure cognitive flexibility. It 
also measures attention, sequencing, visual search and motor function (Bowie, & Harvey, 
2006). Part A of the TMT was conducted primarily to examine psychomotor speed and 
focused attention. In this part, participants were asked to connect on a sheet of paper a 
sequence of 25 consecutive targets, which are all numbers. In part B of the TMT higher 
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cognitive functioning, such as cognitive flexibility and divided attention, were examined. 
Here, participants were asked to connect in alternating consecutive order numbers and letters 
(Reitan, 1955). The alternate forms of reliability for the TMT ranges from .78 to .92 (Bowie, 
& Harvey, 2006). Moreover, the outcome variable consists of a T-score and the higher it is, 
the better. The present research used the TMT B-A index as the first measure of cognitive 
flexibility, this is the difference between part A and B of the TMT. By subtracting the 
cognitive functions needed for part A of the TMT, a more pure form of cognitive flexibility is 
acquired. 
 The Color Word Interference Test (CWIT) of the Delis-Kaplan Executive Function 
System was also conducted to measure cognitive flexibility (Delis, Kaplan, & Kramer, 2001). 
Besides cognitive flexibility, it also measures the ability to inhibit impulsive, perseverative 
and unplanned responses (Swanson, 2005). It is a replacement of the more traditional Stroop 
Color-Word Test (Latzman, & Markon, 2010; Stroop, 1935). The CWIT has four consecutive 
conditions, these include color naming, word reading, color-word interference and a trial 
requiring the participant to switch between inhibitory and non-inhibitory responses. The split-
half reliability for the CWIT ranges from .62 to .86 and the test-retest reliability ranges from 
.62 to .76 (Swanson, 2005). Moreover, the outcome variable consists of raw scores that are 
converted to scaled scores, with a mean 10 and a standard deviation of three. The present 
research used the CWIT-switching subtraction as the second measure of cognitive flexibility, 
this is the difference between the third and fourth trial, which gives again a more pure form of 
cognitive flexibility. 
 Furthermore, a demographic questionnaire, the Mini Mental State Examination (Kok, 
& Verhey, 2002), the Digit Span (Lindeboom, & Matto, 1994), the Cijfer Doorstreep Test, 
(Dekker, Dekker, & Mulder, 2004), the Vividness of Movement Imagery Questionnaire-2 
(Roberts, Callow, Hardy, Markland, & Bringer, 2008), the Movement-Specific Reinvestment 
Scale (Kleynen et al., 2013) and a final questionnaire of the performance on the 10-Meter 
Walking Test (10MWT, see below) were conducted. These measures will not be further 
discussed within the present research. 
 The gait parameter used in the present research was step height, because the 
movement instructions used in this research mainly focused on this gait parameter. To 
calculate step height the median height was taken of the leg that is lifted while walking. 
Moreover, for the main research cadence, balance, step length, -width and -height were also 
measured. These measures were assessed using the Interactive Walkway (IWW) (Geerse, 
Coolen, & Roerdink, 2015; Rossier, & Wade, 2001). The IWW exists of multiple integrated 
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Microsoft kinect v2 sensors, originally developed for the Xbox (a video gaming brand), to 
register 3D body point’s time series without markers. The body point’s time series obtained 
using the kinect v2 sensors alignment measures up to other techniques validated for 3D 
measurement accuracy (Geerse et al., 2015). An image of the IWW is displayed in Figure 1.   
 
 
Figure 1. An image of the Interactive Walkway (Roerdink, 2016) 
 
Statistical analysis 
All the statistical analyses were performed with Statistical Package for the Social Sciences 
21.0 for Windows (IBM Corp., Armonk, NY, VS) and Matlab 2012b (The Mathworks Inc., 
Natick, MA). First, the descriptives were analyzed of the scores of the Trail Making Test 
(TMT) B-A index, the Color Word Interference Test (CWIT)-switching subtraction, step 
height during the different conditions (corrected for normal step height) and the socio-
demographic variables, namely gender, age and highest level of education. After this, the 
Pearson correlation coefficients were calculated between the scores of the TMT B-A index, 
the CWIT-switching subtraction, step height and the socio-demographic variables, age and 
highest level of education, to get a better understanding of the data.  
 The first hypothesis, namely that the condition with metaphorical movement 
instruction will have a higher step height, than with explicit movement instruction, was tested 
with a paired sample t-test to compare means, after correcting for normal step height by 
taking a difference score with this baseline condition. The assumptions were checked before 
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running the analysis. These were independent observations of one another, and a continuous 
dependent variable that contains no significant outliers and approximately normal 
distributions of step height during metaphorical and explicit movement instruction.  
 The second hypothesis was that cognitive flexibility will relate significantly to explicit 
movement instruction, but not to metaphorical movement instruction. To test this hypothesis 
two separate stepwise multiple regression analyses were performed. The first analysis tested 
the involvement of cognitive flexibility in carrying out metaphorical and the other in explicit 
movement instruction. To do this, the assumptions for the TMT B-A index, the CWIT-
switching subtraction and the two movement instructions (corrected for normal step height) 
were checked. The assumptions of having two or more independent variables which can be 
categorical or continuous, observations being independent of one another and independence 
of residuals were checked and met. Furthermore, the assumptions of homoscedasticity, 
multivariate normality, no significant outliers and linear relationship between the predictor 
variables, namely the TMT B-A index and the CWIT-switching subtraction, and the criterion 
variable, namely one of the two movement instructions (each corrected for normal step 
height), were also all checked and met. However, the assumption for multicollinearity was not 
completely met, likely due to the small sample size. Small to moderate Pearson correlations (r 
< .3) exist between step height during metaphorical movement instruction (corrected for 
normal step height) and the TMT B-A index (r = -.18) as well as with the CWIT-switching 
subtraction (r = .06). Furthermore, step height during explicit movement instruction 
(corrected for normal step height) also shows a small to moderate Pearson correlation with the 
CWIT-switching subtraction (r = -.16). However, the tolerance and variance inflation factor 
indicated that the multicollinearity was small. An overview of these Pearson correlations is 
shown in Table 3. To determine the statistical significance, two-sided tests were performed 
with a statistical threshold of alpha=.05. Eight models were constructed. Normal step height 
was the only predictor in the first models of each of the two regressions. In the second model, 
the CWIT-switching subtraction was included as a predictor additional to normal step height 
baseline variable. In the third model, the TMT B-A index was included together with the 
baseline variable normal step height as a predictor. In the final models for each instruction 
type, all three variables were included. 
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Results 
 
Descriptives 
The descriptives were analyzed of the scores of the Trail Making Test (TMT) B-A index, the 
Color Word Interference Test (CWIT)-switching subtraction, as well as step height during the 
different conditions, and the socio-demographic variables, namely gender, age, nationality 
and highest level of education. The mean score of the participants for the condition with 
metaphorical movement instruction (corrected for normal step height) was .29 (SD = .18) and 
for the condition with explicit movement instruction (corrected for normal step height) was 
.21 (SD = .16). Furthermore, on the TMT B-A index the participants scored a total mean score 
of 56.19 (SD = 12.16) and for the CWIT-switching subtraction the mean score was 10.27 (SD 
= 1.83). An overview of the descriptives of step height during metaphorical movement 
instruction (corrected for normal step height), during explicit movement instruction (corrected 
for normal step height), TMT B-A index, CWIT-switching subtraction and the socio-
demographic variables is shown in Table 2. 
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Table 2. Descriptive statistics of the measures of cognitive flexibility, step height and socio-demographic 
variables of the sample size (N = 16) 
Variables N Range Mean ± SD or %(n) 
    
Socio-demographic variables    
Age 16 55 - 67 59.38 ± 3.38 
Gender – male/female  8/8  50%  
Highest level of education 16   
 LBO 
  6.30 (1) 
 MAVO/ MBO 
  18.80 (3) 
 HAVO/ VWO/ HBO 
  18.8 (3) 
 University 
  56.3 (9) 
    
Cognitive flexibility    
TMT B-A index 16 41 - 91 56.19 ± 12.16 
CWIT-switching subtraction 15 7 - 14 10.27 ± 1.83 
    
Step height    
Normal step height  16 .18 – 0.23 .20 ± .02 
Step height during MMI (CFNSH) 16 .00 – 0.57 .29 ± .18 
Step height during EMI (CFNSH) 16 .00 – 0.46 .21 ± .16 
TMT = Trail Making Test B-A index; CWIT = Color Word Interference Test- switching subtraction; MMI = 
metaphorical movement instruction; CFNSH; corrected for normal step height; EMI; explicit movement 
instruction; LBO = Lager Beroeps Onderwijs; MAVO = MiddelbaarAlgemeen Voortgezet Onderwijs; MBO = 
Middelbaar Beroeps Onderwijs; HAVO = Hoger Algemeen Voortgezet Onderwijs; VWO = Voortgezet 
Wetenschappelijk Onderwijs; HBO = Hoger Beroeps Onderwijs 
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Correlations 
The Pearson correlations between metaphorical movement instruction (corrected for normal 
step height), explicit movement instruction (corrected for normal step height), Trail Making 
Test (TMT), Color Wordt Interference Test (CWIT) and the socio-demographic variables were 
computed. There appeared to be no significant Pearson correlations between the different 
movement instructions or the tests that measure cognitive flexibility. However, several socio-
demographic variables correlated significantly with the TMT B-A index, the CWIT-switching 
subtraction, and step height during metaphorical and explicit movement instruction. An 
overview of the Pearson correlations is shown in Table 3. 
 
Table 3. Pearson correlations between the measures of cognitive flexibility, step height and socio-demographic 
variables of the sample size (n = 16) 
 AGE ED TMT CWIT NSH MSH 
       
ED .27      
TMT .19 .22     
CWIT -.31 -.19 -.24    
NSH -.23 .35 .04 -.15   
MSHC -.61* -.48 -.18 .06 .23  
ESHC .02 .50* -.38 -.16 .41 -.34 
* p < .05 (two-sided) 
ED = Highest level of education; TMT = Trail Making Tes B-A index; CWIT = Color Word Interference Test-
switching subtraction; NSH = Normal step height; MSHC = Metaphorical movement instruction step height, 
corrected for normal step height; ESHC = Explicit movement instruction step height, corrected for normal step 
height 
 
Paired sample t-test 
A paired sample t-test to compare means was conducted to test whether the condition with 
metaphorical movement instruction led to a higher step height than with explicit movement 
instruction. The two movement instructions were corrected for normal step height by taking a 
difference score with this baseline condition. The condition with metaphorical movement 
instruction (M = .21, SD = .16) did not have a significantly higher step height than with 
explicit movement instruction (M = .29, SD = .18), t(15) = 1.23, p > .05. It can be concluded 
that hypothesis one is not supported. 
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Multiple linear regression analyses 
The second hypothesis assessed the involvement of cognitive flexibility in terms of predicting 
step height during metaphorical movement instruction as well as explicit movement 
instruction, thereby determining the predictive value of cognitive flexibility in moving with 
different instructions. If step height during explicit movement instruction is predicted by 
cognitive flexibility, but increase following metaphorical instructions is not predicted by 
cognitive flexibility, this means that the related quantitative load is more challenging than that 
which is required for the complexity of the mental representation of the metaphorical 
movement instruction. It was expected that cognitive flexibility would relate significantly to 
step height during explicit movement instructions, but not to step height during metaphorical 
movement instructions.  
 To test the second hypothesis, two separate multiple regression analyses were 
conducted. The first analysis tested whether cognitive flexibility predicted step height during 
metaphorical movement instruction and the second analysis tested whether cognitive 
flexibility predicted step height during explicit movement instruction. Cognitive flexibility 
was measured with the Trail Making Test (TMT) B-A index and The Color Word Interference 
Test (CWIT)-switching subtraction. The two movement instructions were corrected for 
normal step height by taking a difference score with this baseline condition.  
 The results of the first multiple stepwise regression analysis revealed that none of the 
three models significantly accounted for metaphorical movement instruction (corrected for 
normal step height). In the first model normal step height (β = .18, t(14) = .65, p > .05) 
accounted for .03% of the variance (F(1,13) = .42, p > .05). In the second model normal step 
height (β = .18, t(14) = .66, p > .05) and the TMT B-A index (β = -.20, t(14) = -.73, p > .05) 
accounted for .07% of the variance (F(2,12) = .47, p > .05). The third model with the 
variables normal step height and CWIT-switching substraction was excluded, likely due to the 
small sample size and/ or the fact that the assumption for multicollinearity was not completely 
met. In the last model normal step height (β = .19, t(14) = .64, p > .05), the TMT (β = -.19, 
t(14) = -.65, p > .05) and CWIT (β = .04, t(14) = .13, p > .05) accounted for .07% of the 
variance (F(3,11) = .29, p > .05). An overview of the results for all regression models is 
shown in Table 5. 
 Also the results of the second multiple stepwise regression analysis revealed that none 
of the three models significantly accounted for explicit movement instruction corrected for 
normal step height. In the first model normal step height (β = .36, t(14) = 1.41, p > .05) 
accounted for .13% of the variance (F(1,13) = 1.98, p > .05). In the second model normal step 
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height (β = .38, t(14) = 1.56, p > .05) and the TMT B-A index (β = -.42, t(14) = -1.72, p > .05) 
accounted for .30% of the variance (F(2,12) = 2.62, p > .05). The third model with the 
variables normal step height and CWIT-switching subtraction was excluded, again likely due 
to the small sample size and/ or the fact that the assumption for multicollinearity was not 
completely met. In the last model normal step height (β = .34, t(14) = 1.39, p > .05), the TMT 
B-A index (β = -.47, t(14) = -1.86, p > .05) and CWIT (β = -.22, t(14) = -.86, p > .05) 
accounted for .35% of the variance (F(3,11) = 1.96, p > .05). An overview of the results for 
all regression models is shown in Table 4. Taken together, the results indicate that cognitive 
flexibility as measured with the TMT B-A index and CWIT-switching subtraction do not 
relate to step height in either instruction type. It can be concluded that hypothesis two is not 
supported either. However, the TMT B-A index was close to significant in predicting step 
height with explicit movement instruction (p = .09) in the third model, so in combination with 
the CWIT. 
 
Table 4. Multiple stepwise regression analysis for step height during metaphorical movement instruction 
corrected for normal step height, the TMT and CWIT (n = 16) 
Model Variable R R² Unstandardized 
coefficient (β) 
Unstandardized 
coefficient 
(Standard error) 
Standardized 
coefficient (β) 
t P 
1 Constant 
NSH 
.18 .03 -.14 
1.66 
.52 
2.55 
 
.18 
-.27 
.65 
.80 
.53 
2 Constant 
NSH 
TMT 
.27 .07 .00 
1.71 
-.00 
.56 
2.60 
.00 
 
.18 
-.20 
.00 
.66 
-.73 
1.00 
.52 
.48 
4 Constant 
NSH 
TMT 
CWIT 
.27 .07 -.05 
1.76 
.00 
.00 
.72 
2.74 
.00 
.03 
 
.19 
-.19 
.04 
-.07 
.64 
-.65 
.13 
.95 
.53 
.53 
.90 
NSH = Normal step height; CWIT = Color Word Interference test; TMT = Trail Making Test 
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Table 5. Multiple stepwise regression analysis for step height during explicit movement instruction corrected for 
normal step height, the TMT and CWIT (n = 16) 
Model Variable R R² Unstandardized 
coefficient (β) 
Unstandardized 
coefficient 
(Standard error) 
Standardized 
coefficient (β) 
t P 
1 Constant 
NSH 
.36 .13 -.46 
3.67 
.53 
2.61 
 
.36 
-.87 
1.41 
.40 
.18 
2 Constant 
NSH 
TMT 
.55 .30 -.15 
3.78 
-.01 
.52 
2.43 
.00 
 
.38 
-.42 
-.29 
1.56 
-1.72 
.78 
.15 
.11 
4 Constant 
NSH 
TMT 
CWIT 
.59 .35 .17 
3.46 
-.01 
-.02 
.65 
2.49 
.00 
.03 
 
.34 
-.47 
-.22 
.27 
1.39 
-1.86 
-.86 
.79 
.19 
.09 
.41 
NSH = Normal step height; CWIT = Color Word Interference test; TMT = Trail Making Test 
 
Discussion 
 
Metaphorical movement instruction is suggested to be a promising strategy for patients with 
cognitive deficits, for it reduces a combination of explicit rules to a compact representation. 
However, it is unknown for therapists what the effect of metaphorical movement instruction 
in rehabilitation really is, and to what extent cognitive flexibility is involved in being able to 
process these instructions. Therefore, the present research evaluated the involvement of 
cognitive flexibility on gait after metaphorical movement instruction in a sample of healthy 
elderly.  
 To clarify the involvement of cognitive flexibility in gait carried out with different 
instructions, two hypotheses were constructed. Based on interviews with physiotherapists, it 
was expected that metaphorical movement instruction would generally be easier and lead to a 
higher step height, than explicit movement instruction. The second hypothesis assessed the 
involvement of cognitive flexibility in terms of predicting step height in gait during 
metaphorical movement instruction as well as during explicit movement instruction, thereby 
determining the predictive value of cognitive flexibility in moving with different instructions. 
It was expected that cognitive flexibility relates significantly to explicit movement instruction, 
but not to metaphorical instruction.  
 The results showed that there is no difference between step height during the two 
movement instructions. This means that there is as yet no behavioral difference between 
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metaphorical and explicit movement instruction. The results also show that cognitive 
flexibility did not relate to metaphorical or explicit movement instruction. This means that 
neither complexity of metaphorical movement instruction or quantitative load of explicit 
movement instruction demands substantial cognitive flexibility. However, the TMT B-A 
index was close to significant in predicting step height with explicit movement instruction (p 
= .09). 
  The results are not in line with previous findings. The effects of implicit learning seem 
more lasting and robust under psychological load than those of explicit learning (Allen, & 
Reber, 1980; Hardy, Mullen, & Jones, 1996; Reber, Walkenfeld, & Hernstadt, 1991). 
However, it can be debated whether instruction is a type of learning, and learning itself was 
not assessed in the current study. There is also support for the idea that the use of analogies, 
thus giving implicit instruction, facilitates motor learning in for example sports and that it 
may also have benefits for rehabilitation of CVA-patients (Kleynen et al., 2014, Masters, 
2000) Furthermore, the relation between cognitive flexibility and metaphorical movement 
instruction was not studied before and therefore a comparison with previous findings cannot 
be made. In the present research metaphorical movement instruction shows no difference 
from explicit movement instruction in the execution of the instruction. However, this could be 
due to the small sample size, which actually does not allow sufficient data for the conducted 
multiple regression analyses.  
 Moreover, the Trail Making Test (TMT) B-A index and Color Word Interference Test 
(CWIT)-switching subtraction both measure cognitive flexibility, but show conflicting results 
(r = -.24), indicating that cognitive complexity is not measured in a straightforward way. Only 
the TMT B-A index was close to significant in predicting step height with explicit movement 
instruction. If both tests measured the same concept they would have approximately the same 
size of variance explained and a significant correlation would be expected. This signifies that 
the tests may measure different concepts or that this difference is the consequence of a small 
sample size, or insufficient power. 
 Kleynen et al., (2014) reported that participants would recommend an analogy training 
to improve gait to others. Similarly, in the present research participants spontaneously stated 
while executing the instructions that metaphorical movement instruction seemed easier to 
execute than explicit movement instruction. Physiotherapists also thought that metaphorical 
movement instruction would be easier to execute than explicit movement instruction. 
Therefore, it could be that while there is no difference in the behavioral product of the 
metaphorical or explicit movement instruction or in the role of cognitive flexibility in the 
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execution of the type of instruction, there could be a different cognitive function, or even an 
subjectively experienced ease or likeableness for metaphorical movement instruction. This 
should be examined in further research.  
 There were some limitations to the present findings. The primary limitation is the 
small sample size, which may be why the assumptions of the statistical tests are not 
completely met and the results are therefore not reliable and/ or valid. The small sample size 
also goes hand in hand with the insufficient power of these tests. It is argued that reducing the 
amount of explicit knowledge about the execution of the movement will help to reduce the 
consequences of the interference of explicit knowledge on task performance, because there is 
less quantitative load (Masters, & Maxwell, 2004). In this present research the verbal 
metaphorical and explicit movement instruction were both approximately the same length. 
This means that the metaphorical movement instruction was more complex and could have 
approximately the same amount of cognitive load as explicit movement instruction. Future 
research should balance the two instruction types, the metaphorical movement instruction 
should be more complex and the explicit movement instruction should have more cognitive 
load. 
 In addition, the two movement instructions anecdotally appear not to result in identical 
movements. “Raise your legs high and stretch them far” does not seem to result in the same 
movement as “Step over a high and wide threshold”. While executing the explicit movement 
instruction participants reported that they felt like they had to stretch more than with the 
metaphorical movement instruction. The test leaders also reported they qualitatively observed 
this difference. The height and width of the threshold of the metaphorical movement 
instruction was also dependent on the reference framework of the participant. Future research 
should strive for more identical movement instructions and less dependent on the reference 
framework of the participant. Furthermore, future research should try to recruit elderly with 
cognitive dysfunctions instead of healthy elderly. Future research should also try to 
investigate other cognitive concepts that could be related to type of instruction and/ or gait. It 
is also an idea to include a second appointment with the participants to check if effects seem 
more lasting and resilient in different movement instructions. 
 It can be concluded that as of yet there is no evidence for the involvement of cognitive 
flexibility for metaphorical or explicit movement instruction. This means that statements 
regarding which movement instruction is more beneficial for patients in rehabilitation cannot 
be made. However, a start has been made in researching a complex issue that has great 
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practical implications, and as such the current findings may support further research.  
 
References 
 
Allen, R., & Reber, A. S. (1980). Very long-term memory for tacit knowledge. Cognition, 
 8(2), 175-185. doi:10.1016/0010-0277(80)90011-6  
Bohannon, R. W., Horton, M. G., & Wikiholm, J. B. (1991). Importance of four variables of 
 walking to patients with stroke. International Journal of Rehabilitation Research, 
 14(3), 246-250. doi:10.1097/00004356-199109000-00010 
Bowie, C. R., & Harvey, P. D. (2006). Administration and interpretation of the trail making 
 test. Nature Protocols, 1(5), 2277-2281. doi:10.1038/nprot.2006.390 
Carroll, D. W. (1999). Psychology of Language (3rd ed., pp. 142-164). Pacific Grove, CA:  
 Brooks/ Grove. 
Celentano, A., & Dubois, E. (2015). Evaluating metaphor reification in tangible interfaces.  
 Journal on Multimodal User Interfaces, 9(3), 231-252.  
 doi:10.1007/s12193-015-0198-z 
Cleeremans, A., Destrebecqz, A., & Boyer, M. (1998). Implicit learning: news from the front. 
 Trends in Cognitive Sciences, 2(10), 406-416. doi:10.1016/S1364-6613(98)01232-7 
Cookson, C., & Casey, J. (2013). Social support following stroke. Psychologist, 26(8), 566-
 569. Retrieved from: http://thepsychologist.bps.org.uk/ 
Da Silva, P. B., Antunes, F. N., Graef, P., Cechetti, F., & Pagnussat, A. S. (2015). Strength  
 training associated with task-oriented training to enhance upper-limb motor function in  
 elderly patients with mild impairment after stroke: a randomized trial. (2015).  
 American Journal of Physical Medicine & Rehabilitation, 94(1), 11-19.  
 doi:10.1097/PHM.0000000000000135 
De Weerd, L., Groenhof, F., Kollen, B. J., & Van der Meer, K. (2013). Survival of stroke 
 patients after introduction of the 'Dutch Transmural Protocol TIA/CVA'. Bio Medical
 Central Family Practice, 14, 74. doi:10.1186/1471-2296-14-74    
De Weerdt, W. J. G., Harrison, M. A. (1985). Measuring recovery of arm-hand function in 
 stroke patients: a comparison of the Brunnstrom-Fugl-Meyer test and the Action 
 Research Arm test. Physiotherapy Canada, 37(2), 65-70. doi:10.3138/ptc.37.2.065 
Dekker, R., Dekker, P. H., & Mulder, J. L. (2004). Kaufman adolescent and adult intelligence 
 test - Nederlandstalige versie: Handleiding. Leiden: PITS.  
Delis, D. C., Kaplan, E., & Kramer, J. H. (2001). Delis Kaplan Executive Function System.  
21 
The involvement of cognitive flexibility in metaphorical movement instruction in the elderly 
 San Antonio, TX: The Psychological Corporation.  
Fasoli, S. E., Trombly, C. A., Tickle-Degnen, L., & Verfaellie, M. H. (2002). Effect of  
 instructions on functional reach in persons with and without cerebrovascular accident.  
 American Journal of Occupational Therapy, 56(4), 380-390.  
  doi:10.5014/ajot.56.4.380 
Galasko, D., Klauber, M. R., Hofstetter, C. R., Salmon, D. P., Lasker, B., & Thal, L. J. 
 (1990). The mini-mental state examination in the early diagnosis of Alzheimer’s 
 disease. Archives of Neurology, 47(1), 49-52.  
 doi:10.1001/archneur.1990.00530010061020 
Geerse, D. J., Coolen, B. H., & Roerdink, M. (2015). Kinematic validation of a multi-kinect  
 v2 instrumented 10-meter walkway for quantitative gait assessments. Plos One,  
 10(10), e0139913. doi:10.1371/journal.pone.0139913 
Granger, C. V., Hamilton, B. B., & Gresham, G. E. (1988). The stroke rehabilitation outcome 
 study – part I: general description. Archives of Physical Medicine and Rehabilitation, 
 69(7), 506-509. Retrieved from: http://www.archives-pmr.org/ 
Gucciardi, D. F., & Dimmock, J. A. (2008). Choking under pressure in sensorimotor skills: 
 conscious processing or depleted attentional resources? Psychology of Sport and  
 Exercise, 9(1), 45–59. doi:10.1016/j.psychsport.2006.10.007 
Hadian, A. S., & Arefi, M. (2016). Metaphor, analogy, and the discourse of originality: five 
 Iranian case studies. Social Semiotics, 26(5), 541-562.  
 doi:10.1080/10350330.2015.1137162 
Hardy, L., Mullen, R., & Jones, G. (1996). Knowledge and conscious control of motor actions 
 under stress. British Journal of Psychology, 87(4), 621-636.     
doi:10.1111/j.2044-8295.1996.tb02612.x 
Hardy, L., Mullen, R., & Martin, N. (2001). Effect of task-relevant cues and state anxiety on 
 motor performance. Perceptual and Motor Skills, 92(3 Pt 1), 934–946.  
 doi:10.2466/PMS.92.3.943-946 
Hausdorff, J. M., Rios, D. A., & Edelberg, H. K. (2001). Gait variability and fall risk in 
 community-living older adults: A 1-year prospective study. Archives of Physical  
 Medicine and Rehabilitation, 82(8), 1050-1056. doi:10.1053/apmr.2001.24893 
Hausdorff, J. M., Yogev, G., Springer, S., Simon, E. S., & Giladi, N. (2005). Walking is more 
 like catching than tapping: gait in the elderly as a complex cognitive task.  
 Experimental Brain Research, 164(4), 541-548. doi:10.1007/s00221-005-2280-3  
22 
The involvement of cognitive flexibility in metaphorical movement instruction in the elderly 
Hochstenbach, J., Mulder, T., Van Limbeek, J., Donders, R., & Schoonderwaldt, H. (1998). 
 Cognitive decline following stroke: a comprehensive study of cognitive decline  
 following stroke. Journal of Clinical and Experimental Neuropsychology, 20(4), 503- 
 517. doi:10.1076/jcen.20.4.503.1471 
Howard, V. J., Safford, M. M., Allen, S., Judd, S. E., Rhodes, J. D., Kleindorfer, D. O., 
 Soliman, E. Z., Meschia, J. F., & Howard, G. (2016). Stroke symptoms as a predictor  
 of future hospitalization. Journal of Stroke and Cerebrovascular Diseases, 25(3), 702- 
 709. doi: 10.1016/j.jstrokecerebrovasdis.2015.11.040  
Johnson, L., Burridge, J. H., & Demain, S. H. (2013). Internal and external focus of attention  
 during gait re-education: an observational study of physical therapist practice in stroke  
 rehabilitation. Physical Therapy, 93(7), 957-966. doi:10.2522/ptj.20120300  
Jokinen, H., Melkas, S., Ylikoski, R., Pohjasvaara, T., Kaste, M., Erkinjuntti, T., & Hietanen,  
 M. (2015). Post-stroke cognitive impairment is common even after successful clinical  
 recovery. European Journal of Neurology, 22(9), 1288-1294. doi:10.1111/ene.12743 
Jorgensen, H. S., Nakayama, H., Raaschou, H. O., & Olsen, T. S. (1995). Recovery of  
 walking function in stroke patients – the Copenhagen stroke study. Archives of  
 Physical Medicine and Rehabilitation, 76(1), 27-32.  
 doi:10.1016/S0003-9993(95)80038-7 
Kang, C. G., Chun, M. H., Chang, M. C., Kim, W., & Do, K. H. (2016). Views of physiatrists  
 and physical therapists on the use of gait-training robots for stroke patients. Journal of  
 Physical Therapy Science, 28(1), 202-206. doi:10.1589/jpts.28.20 
Kleynen, M., Braun, S. M., Beurskens, A. J. H. M., Verbunt, J. A., de Bie, R. A., & Masters, 
 R. S. W. (2013). Investigating the Dutch movement-specific reinvestment scale in  
 people  with stroke. Clinical Rehabilitation, 27(2), 160–165.  
 doi:10.1177/0269215512448381 
Kleynen, M., Wilson, M. R., Jie, L. J., Hekkert, F. T., Goodwin, V. A., & Braun, S. M. 
 (2014). Exploring the utility of analogies in motor learning after stroke: a feasibility  
 study. International Journal of Rehabilitation Research, 37(3), 277-280.  
 doi:10.1097/MRR.0000000000000058 
Kok, R., & Verhey, F. (2002). Dutch translation of the Mini Mental State Examination  
 (Folstein et al., 1975). 
Latzman, R. D., & Markon, K. E. (2010). The factor structure and age-related factorial 
 invariance of the Delis-Kaplan Executive Function System (D-KEFS). Assessment,  
 17(2), 172-184. doi:10.1177/1073191109356254 
23 
The involvement of cognitive flexibility in metaphorical movement instruction in the elderly 
Liao, C. M., & Masters, R. S. W. (2001). Analogy learning: a means to implicit motor  
 learning. Journal of Sports Sciences, 19(5), 307-309.  
doi:10.1080/02640410152006081  
Lim, J. S., & Kwon, H. M. (2010). Risk of “silent stroke” in patients older than 60 years: risk  
 assessment and clinical perspectives. Clinical interventions in Aging, 5, 239-251.  
 doi:10.2147/CIA.S7382  
Lindeboom, J., & Matto, D. (1994). Cijferreeksen en Knox blokken als concentratietests voor  
 ouderen. Tijdschrift voor Gerontologie en Geriatrie, 25, 63-68. 
Lo Coco, D., Lopez, G., & Corrao, S. (2016). Cognitive impairment and stroke in elderly  
 patients. Vascular Health and Risk Management, 12, 105-116.  
 doi:10.2147/VHRM.S75306  
Luker, J. A., Wall, K., Bernhardt, J., Edwards, I., & Grimmer-Somers, K. A. (2011). Patients' 
 age as a determinant of care received following acute stroke: a systematic review. Bio  
 Medical Central Health Services Research, 11, 161. doi:10.1186/1472-6963-11-161  
Masters, R. S. W. (1992). Knowledge, knerves and know-how: the role of explicit versus  
 implicit knowledge in the breakdown of a complex motor skill under pressure. British  
 Journal of Psychology, 83(3), 343-358. doi:10.1111/j.2044-8295.1992.tb02446.x 
Masters, R. S. W. (2000). Theoretical aspects of implicit learning in sport. International 
 Journal of Sport Psychology, 31(4), 530–541. 
Masters, R. S. W., & Liao, C. M. (2003). Chunking as a characteristic of implicit motor  
 learning. In Stelter, R., (Ed.), New approaches to exercise and sport psychology:  
 Theories, methods, and applications (pp. 137-138). Copenhagen, Denmark: University  
 of Copenhagen. 
Masters, R. S. W., & Maxwell, J. P. (2004). Implicit motor learning, reinvestment and  
 movement disruption: What you don’t know won’t hurt you? In Williams, A. M., &  
 Hodges, N. J., (Eds.), Skill acquisition in sport: Research, theory and practice (pp.  
 207-228). London, United Kingdom: Routledge. 
Mauritz, K. H. (2002). Gait training in hemiplegia. European Journal of Neurology, 9, 23-29. 
 doi:10.1046/j.1468-1331.2002.0090s1023.x 
Nys, G. M. S., Van Zandvoort, M. J. E., de Kort, P. L. M., Jansen, B. P. W., de Haan, E. H.  
 F., & Kappelle, L. J. (2007). Cognitive disorders in acute stroke: prevalence and  
 clinical determinants. Cerebrovascular Diseases, 23(5-6), 408-416.  
24 
The involvement of cognitive flexibility in metaphorical movement instruction in the elderly 
 doi:10.1159/000101464 
O'Reilly, R. C. (2013). Individual differences in cognitive flexibility. Biological Psychiatry, 
 74(2), 78-79. doi:10.1016/j.biopsych.2013.05.012 
Paul, S. L., Srikanth, V. K., & Thrift, A. G. (2007). The large and growing burden of stroke. 
 Current Drug Targets, 8(7), 786-793. doi:10.2174/138945007781077418 
Pinter, M. M., & Brainin, M. (2012). Rehabilitation after stroke in older people. Maturitas, 
 71(2), 104-108. doi:10.1016/j.maturitas.2011.11.011 
Rapp, A. M., Leube, D. T., Erb, M., Grodd, W., & Kircher, T. T. J. (2004). Neural correlates 
 of metaphor processing. Cognitive Brain Research, 20(3), 395–402.  
 doi:10.1016/j.cogbrainres.2004.03.017 
Rasquin, S. M. C., Verhey, F. R. J., Lousberg, R., Winkens, I., & Lodder, J. (2002). Vascular  
 cognitive disorder: memory, mental speed and cognitive flexibility after stroke.  
 Journal of the Neurological Sciences, 203-204, 115-119.  
 doi:10.1016/S0022-510X(02)00264-2 
Reber, A. S., Walkenfeld, F. F., & Hernstadt, R. (1991). Implicit and explicit learning: 
  individual differences and IQ. Journal of Experimental Psychology: Learning, 
  Memory and Cognition, 17(5), 888-896. doi:10.1037//0278-7393.17.5.888 
Reitan, R. M. (1955). The relation of the trail making test to organic brain damage. Journal of 
 Consulting Psychology, 19(5), 393-394. doi:10.1037/h0044509 
Roberts, R., Callow, N., Hardy, L., Markland, D., & Bringer, J. (2008). Movement imagery  
 ability: development and assessment of a revised version of the vividness of  
 movement imagery questionnaire. Journal of Sport & Exercise Psychology, 30(2),  
 200-221. doi:10.1123/jsep.30.2.200 
Roerdink, M. (2016, January 6). Moving toward a more task-specific and comprehensive  
 evaluation of walking [Photograph]. Retrieved from:  
 http://www.ispgr.org/blogs/moving-toward-a-more-task-specific-and-comprehensive-
 evaluation-of-walking  
Rossier, P., & Wade, D. T. (2001). Validity and reliability comparison of 4 mobility measures 
 in patients presenting with neurologic impairment. Archives of Physical Medicine and 
 Rehabilitation, 82(1), 9-13. doi:10.1053/apmr.2001.9396 
Samsonovich, A. V. (2013). Emotional biologically inspired cognitive architecture.  
 Biologically Inspired Cognitive Architectures, 6, 109-125.  
 doi:10.1016/j.bica.2013.07.009 
Scott, W. A. (1962). Cognitive-complexity and cognitive flexibility. Sociometry, 25(4),   
25 
The involvement of cognitive flexibility in metaphorical movement instruction in the elderly 
 405-414. doi:10.2307/2785779 
Stam, J. (2005). De standaard ‘cva’ van het Nederlands huisartsen genootschap; reactie vanuit 
 de neurologie. Nederlands Tijdschrift voor Geneeskunde, 149(51), 2834-2836.  
  Retrieved from: https://www.ntvg.nl/ 
Stroop, J. R. (1935). Studies of interference in serial verbal reaction. Journal of Experimental 
 Psychology, 18(6), 643-662. doi:10.1037/h0054651 
Studenski, S., Perera, S., Patel, K., Rosano, C., Faulkner, K., Inzitari, M., Brach, J., Chandler, 
 J., Cawthon, P., Connor, E. B., Nevitt, M., Visser, M., Kritchevsky, S., Badinelli, S.,  
 Harris, T., Newman, A. B., Cauley, J., Ferucci, L., & Guralnik, J. (2011). Gait speed  
 and survival in older adults. Journal of the American Medical Association, 305(1), 50- 
 58. doi:10.1001/jama.2010.1923 
Swanson, J. (2005). The Delis-Kaplan Executive Function System: A review. Canadian  
 Journal of School Psychology, 20(1/2), 117-128. doi:10.1177/0829573506295469 
Trendelenburg, G., & Dirnagl, U. (2005). Neuroprotective role of astrocytes in cerebral   
 ischemia: focus on ischemic preconditioning. Glia, 50(4), 307-320. 
 doi:10.1002/glia.20204 
Whittle, M. W. (1991). Gait analysis: an introduction. Oxford, UK: Butterworth-Heinemann. 
 
 
 
